Introduction {#sec1}
============

Functionalized N-heterocycles with α-aryl and heteroaryl moieties are present as a core structure of many biologically active molecules and natural products.^[@ref1]^ Therefore, different synthetic strategies have been developed for the synthesis of functionalized N-heterocycles.^[@ref2],[@ref3]^ Synthesis of functionalized N-heterocycles via direct functionalization of the N-heterocycles is advantageous as compared to the multistep N-cycloalkylation strategies ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}, eq 1). Arylation of imines via Mannich or Betti reaction is another widely used method for the synthesis of α-arylated amines.^[@ref4]^ The Mannich or Betti reactions of acyclic imines are well-studied.^[@ref5]^ However, reports on the α-arylation of cyclic imines via Mannich or Betti reactions are limited probably because of the possibility of their isomerization to the corresponding enamine.^[@ref6],[@ref7]^ Unsubstituted 1-pyrroline and 1-piperideine which were generated in situ from the corresponding amines using strong oxidizing agents have been used to produce the corresponding α-arylated amines ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}, eq 1).^[@cit7a],[@cit7c]^ The nucleophilic addition reaction of α,β-unsaturated pyrroline may proceed via 1,2- and 1,4-fashion to produce the α-arylated pyrrolidine derivative and regioisomeric 4-arylated product, respectively. Therefore, the regioselectivity of the reaction should be controlled in order to obtain the desired arylated N-heterocycles. Moreover, the probability of the aromatization-driven redox isomerization of the β-alkenyl pyrroline to the corresponding pyrrole derivative put further challenges to find suitable arylation conditions. To the best of our knowledge, there is no report on the direct regio- and enantioselective arylation of α,β-unsaturated cyclic imines. Herein, we report the first example of a regio- and enantioselective α-arylation of α,β-unsaturated pyrrolines to afford structurally diverse α-aryl β-alkenyl pyrrolidines with very good yields ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}, eq 3).

![Syntheses of α-Aryl N-Heterocycles](ao-2018-030334_0002){#sch1}

Results and Discussion {#sec2}
======================

Reaction Optimization {#sec2.1}
---------------------

We started our investigation by reacting unsaturated cyclic imine **1a**([@ref8]) with β-naphthol **4** in the presence Boc-anhydride (Boc~2~O) in dry DCM at room temperature for 24 h.^[@ref9]^ The desired α-arylated product **2a** was isolated with a moderate yield of 52% ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entry 1). Interestingly, the regioisomeric arylated product was not isolated from this reaction. The structure of **2a** was confirmed by X-ray crystallographic analysis. Encouraged by the initial result, a number of reactions were performed by varying the solvent, reaction time, and so forth to further increase the yield of the desired product. A similar yield was obtained when the reaction was carried out in toluene. The reactions, which were carried out at elevated temperature for a shorter time under refluxing toluene, were able to provide an increased yield of the desired product. However, a further increase in the reaction time (entry 4) and reaction temperature (entry 10) did not improve the yield of the desired product. Although the reactions, which were carried out in other solvents, such as tetrahydrofuran (THF), CH~3~CN, and DCE provided the desired products, toluene was found to be the most suited solvent for this reaction (entry 5--9).

###### Optimization of Reaction Conditions for the Regioselective Arylation Reaction[a](#t1fn1){ref-type="table-fn"}

![](ao-2018-030334_0005){#GRAPHIC-d7e210-autogenerated}

  entry   solvent, temp     time (h)   yield[b](#t1fn2){ref-type="table-fn"} (%)
  ------- ----------------- ---------- -------------------------------------------
  1       DCM, rt           24         52
  2       toluene, rt       24         55
  3       toluene, reflux   2          62
  4       toluene, reflux   12         59
  5       CH~3~CN, reflux   8          45
  6       THF, reflux       8          51
  7       DCE, reflux       14         56
  8       MeOH, reflux      3          45
  9       dioxane, reflux   2          52
  10      xylene, reflux    2          53

Reactions were carried out with 0.26 mmol of imine (**1a**), 0.39 mmol of 2-naphthol (**4**), and 0.52 mmol of Boc~2~O.

Isolated percent yields.

Substrate Scope {#sec2.2}
---------------

Next, the substrate scope of the reaction was investigated using the optimized conditions. At first, naphthol derivatives having different substituents were tested as potential nucleophiles for the arylation of α,β-unsaturated imine **1a** ([Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}). 6-Bromo 2-naphthol, 7-bromo 2-naphthol, and 7-methoxy 2-naphthol reacted smoothly with **1a** to produce the desired arylated product **2b--d** with very good yields. Additionally, 1-naphthols also gave α-arylated product **2e** with good yield (66%). Other than naphthol derivatives, sesamol also participated in the reaction to give the desired product **2f** with good yield (60%). α-Indolyl-N-heterocycles, which are present as the key motif of many natural products and bioactive molecules, are an important class of compounds. Therefore, we decided to investigate the arylation reactions using different indole derivatives as potential nucleophiles. Accordingly, the indole derivatives containing OMe and Br substituents were reacted with  unsaturated imine **1a** to provide the desired arylated pyrrolidine derivatives **2i--k** with good yields. It was observed that the reactions with indole derivatives needed longer time in comparison to the reactions with naphthol derivatives to form respective arylated products. 2-Methyl indole also participated in the reaction as a potent nucleophile to produce the corresponding arylated product **2h** with good yield (57%).

![Arylation and Heteroarylation of **1a**](ao-2018-030334_0003){#sch2}

Then, we have investigated the scope of this arylation reaction using structurally diverse imine derivatives. Cyclic imines **1b--k** bearing both electron-withdrawing groups and electron-donating groups in the aryl moiety participated in the reaction to produce structurally diverse α-aryl β-alkenyl pyrrolidines **2l--v**with good to very good yields ([Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}). Substrates with −Cl and −Br at the para- or meta-position of the phenyl ring reacted smoothly with 2-naphthols to provide the corresponding α-arylated product **2l, 2n--o** with very good yields (75--66%). A slightly lower yield of the desired product **2m** (60%) was obtained from the reaction of imines containing the −NO~2~ group at the meta-position of the phenyl group. Similarly, cyclic imines **1f--h** bearing electron-donating groups (R = −CH~3~, −OMe) at the para- and meta-positions on the phenyl moiety gave the desired α-arylated product **2p--s** with good yield (60--71%). Moreover, cyclic imine **1** containing other aromatic and heteroaromatic groups, such as naphthyl and a thienyl ring, also took part in this α-arylation reaction to furnish the desired α-arylated product **2t--u** with very good yields (75--83%). Reactions using furan and thiophene did not provide the desired product under these conditions. However, the reaction of imines with pyrrole gave the desired arylated product **2v** with 59% yield.

![Scope of the Arylation Reactions with Imines **1b--k**](ao-2018-030334_0004){#sch3}

Proposed Mechanism {#sec2.3}
------------------

Mechanistically, the arylation reaction is proposed to proceed via the iminium ion **5**, which was formed from the reaction of imine **1** and Boc-anhydride ([eq [4](#eq4){ref-type="disp-formula"}](#eq4){ref-type="disp-formula"}). The aromatic electrophilic substitution reaction involving iminium ion **5** and electron-rich aromatic compounds occurred readily to provide the observed arylated products **2**. In addition to the formation of iminium ion **5**, the reaction of **1** and Boc-anhydride produced one equivalent of the *tert*-butoxide ion. The *tert*-butoxide ion could abstract the most acidic proton of arenes (OH and NH) to generate anionic arene species. The close association of this anionic arene species with iminium ion **5** probably facilitates the formation of the 1,2-adduct.

Studies on the Asymmetric Arylation Reaction {#sec2.4}
--------------------------------------------

We anticipated that the imine can be activated using Lewis acid with a chiral ligand or chiral Bronsted acid to induce asymmetry in the arylation reactions. To test this hypothesis, a reaction of imine **1a** with 2-naphthol **4** was carried out in the presence of BINOL-derived chiral phosphoric acid **L1** ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}).^[@ref10]^ The desired product **3a** was isolated with 12% yield. The enantiopurity of Boc-protected amine **6a** was found to be 27%. The reaction in the presence of amide **L4** failed to provide the desired product. Therefore, we decided to employ Lewis acid in a combination of a chiral ligand for this enantioselective arylation reaction. The enantiopurity of the product was improved significantly (from 27 to 43% ee) on the addition of 10 mol % of Sc(OTf)~3~ in the reaction of **1a** and **4** in the presence of phosphoric acid **L1**. The decrease in the reaction temperature did not provide the desired product. Several other conditions varying Lewis acids, solvents, reaction times, and so forth were screened to increase the yield and enantiopurity of the product. However, the best result (66% yield with 73% ee) was obtained from the reaction carried out using chiral ligand **L1** (23 mol %) and Yb(OTf)~3~ (20 mol %) as the Lewis acid. Unfortunately, attempted reactions with other substituted 2-naphthol derivatives or indole or other substituted cyclic imines gave the desired α-arylated product (e.g. **3b**) with very poor or no enantioselectivity.

###### Optimization of Reaction Conditions of Enantioselective Arylation Reaction[a](#t2fn1){ref-type="table-fn"}
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Reactions were carried out with 0.26 mmol of imine **1a** and 0.26 mmol of 2-naphthol at room temperature.

Isolated percent yields of **3a**.

Ee values of **6a** were determined by HPLC on a chiral stationary phase (see details in the [Experimental Section](#sec4){ref-type="other"}).

Reaction was carried out at 0 °C.

Conclusions {#sec3}
===========

In summary, regioselective 1,2-addition reactions of unsaturated endocyclic imines to the corresponding β-alkenyl 2-aryl pyrrolidines were developed. The reaction is operationally simple, mild, and highly atom economic. A wide range of electron-rich aromatic compounds, such as naphthols, phenols, and indoles, participated in the reaction to provide the α-arylated products with good to excellent yields. The studies on the enantioselective version of this arylation reaction were conducted using catalytic amounts of Lewis acids and chiral phosphoric acids. A maximum enantiopurity of 73% was achieved for an arylated derivative.

Experimental Section {#sec4}
====================

General {#sec4.1}
-------

All reactions involving air- or moisture-sensitive reagents or intermediates were carried out in oven-dried glassware under an argon atmosphere. Dichloromethane (CH~2~Cl~2~) was freshly distilled from phosphorus(V)oxide (P~2~O~5~). Commercial grade xylene, benzene, and toluene were distilled before use. All other solvents and reagents were purified according to standard procedures or were used as received from Aldrich, Acros, Merck, and Spectrochem. ^1^H, ^13^C NMR spectroscopy: Varian Mercury Plus 400 MHz and Bruker 400 and 600 MHz (at 298 K) were used. Chemical shifts, δ (in ppm), are reported relative to tetramethylsilane, (^1^H) 0.0 ppm, δ (^13^C) 0.0 ppm, which was used as the inner reference. Otherwise, the solvents residual proton resonance and carbon resonance \[CHCl~3~, δ (^1^H) 7.26 ppm, δ (^13^C) 77.2 ppm and CD~3~OD, (^1^H) 3.31 ppm, δ (^13^C) 49.0 ppm\] were used for calibration. Column chromatography: Merck or Spectrochem silica gel 60--120 under gravity. IR spectra were recorded on a PerkinElmer Instrument at normal temperature making KBr pellets grinding the sample with KBr (IR Grade). MS (ESI-HRMS): Mass spectra were recorded on an Agilent Accurate-Mass Q-TOF LC/MS 6520, and peaks are given in *m*/*z* (% of basis peak). For high-performance liquid chromatography (HPLC), Waters analytical HPLC and a Thermo Scientific Ultimate 3000/visible detector were used. For polarimetry, Rudolph Research Analytical's AUTOPOL II was used. All the starting materials **1a--k** were prepared by a previously reported procedure.^[@ref8]^

Experimental Procedure {#sec4.2}
----------------------

### General Procedure for the Synthesis of *rac*-**2a-v** (GP I) {#sec4.2.1}

A naphthol or indole derivative (1.5 equiv) was added to a solution of α,β-unsaturated cyclic imines **1** (1 equiv) and Boc~2~O (2 equiv) in 2 mL of toluene at room temperature. Then, the reaction mixture was heated at 110 °C for 1--36 h, depending on the substrates. After completion of the reaction, the mixture was cooled to room temperature. Next, the reaction mixture was concentrated in vacuo. The crude product was subjected to column chromatography to afford the analytically pure product.

### rac-*tert*-Butyl (*E*)-3-(4-Chlorobenzylidene)-2-(2-hydroxynaphthalen-1-yl)pyrrolidine-1-carboxylate (**2a**) {#sec4.2.2}

According to GP I, 2-naphthol (56 mg, 0.39 mmol), cyclic imine **1a** (50 mg, 0.26 mmol), and Boc~2~O (0.11 g, 0.52 mmol) in 2 mL of toluene were reacted for 2 h and column chromatography (SiO~2~, EtOAc/hexane, 1:5) of the crude product gave **2a** as a white solid (70 mg, 62%). mp 190--192 °C. FTIR (KBr): ν 3447, 2929, 1737, 1651, 1627, 1578, 1515, 1492, 1476, 1433, 1368, 1277, 1243, 1127, 1090, 963 cm^--1^. ^1^H NMR (600 MHz, CDCl~3~): δ 7.82 (br s, 1H), 7.77 (d, *J* = 7.8 Hz, 1H), 7.70 (d, *J* = 9.0 Hz, 1H), 7.39--7.37 (m, 1H), 7.29--7.27 (m, 1H), 7.23--7.19 (m, 3H), 7.01 (d, *J* = 8.4 Hz, 2H), 6.30 (s, 1H), 5.89 (s, 1H), 4.00--3.97 (m, 1H), 3.91--3.87 (m, 1H), 3.18--3.14 (m, 1H) 3.08--3.02 (m, 1H), 1.09 (s, 9H) ppm. ^13^C NMR (151 MHz, CDCl~3~): δ 156.2, 153.9, 143.5, 135.9, 133.0, 132.3, 129.7, 128.9, 128.5, 126.2, 123.5, 122.8, 122.2, 120.2, 119.9, 80.8, 59.4, 46.9, 30.2, 28.2 ppm. The total count of 13C is less than expected either because of the merging of signals or signal broadening due to restricted rotations in the aromatic region. HRMS (ESI): exact mass calcd for C~26~H~27~ClNO~3~^+^ (\[M + H\]^+^), 436.1674; found, 436.1678.

### *rac*-*tert*-Butyl (*E*)-3-(4-Chlorobenzylidene)-2-(2-hydroxy-7-methoxynaphthalen-1-yl)pyrrolidine-1-carboxylate (**2b**) {#sec4.2.3}

According to GP I, 7-methoxy-2-naphthol (61 mg, 0.39 mmol), cyclic imine **1a** (50 mg, 0.26 mmol), and Boc~2~O (0.11 g, 0.52 mmol) in 2 mL of toluene were reacted for 2 h and column chromatography (SiO~2~, EtOAc/hexane, 1:5) of the crude product gave **2b** as a white solid (85 mg, 70%). mp 178--182 °C. FTIR (KBr): ν 3467, 1650, 1581, 1514, 1431, 1368, 1355, 1274, 1166, 1094, 1066, 910 cm^--1^. ^1^H NMR (400 MHz, CDCl~3~): δ 8.57 (br s, 1H), 7.67 (d, *J* = 9.2 Hz, 1H), 7.63 (d, *J* = 8.8 Hz, 1H), 7.22 (d, *J* = 8.4 Hz, 2H), 7.08 (d, *J* = 8.8 Hz, 1H), 7.03 (d, *J* = 8.5 Hz, 2H), 6.98--6.95 (m, 1H), 6.27 (s, 1H), 5.93 (s, 1H), 4.04--3.98 (m, 1H), 3.92--3.85 (m, 1H), 3.80 (s, 3H), 3.19--3.04 (m, 2H), 1.16 (s, 9H) ppm. ^13^C NMR (101 MHz, CDCl~3~): δ 157.9, 156.2, 154.8, 143.0, 134.0, 132.4, 130.4, 129.7, 129.6, 128.5, 125.1, 122.3, 119.4, 117.5, 114.9, 80.9, 59.5, 55.3, 47.0, 30.3, 28.3 ppm. The total count of 13C is less than expected either because of the merging of signals or signal broadening due to restricted rotations in the aromatic region. HRMS (ESI): exact mass calcd for C~27~H~29~ClNO~4~^+^ (\[M + H\]^+^), 466.1780; found, 466.1775.

### *rac*-*tert*-Butyl (*E*)-2-(7-Bromo-2-hydroxynaphthalen-1-yl)-3-(4-chlorobenzylidene)pyrrolidine-1-carboxylate (**2c**) {#sec4.2.4}

According to GP I, 7-bromo-2-naphthol (87 mg, 0.39 mmol), cyclic imine **1a** (50 mg, 0.26 mmol), and Boc~2~O (0.11 g, 0.52 mmol) in 2 mL of toluene were reacted for 2 h and column chromatography (SiO~2~, EtOAc/hexane, 1:5) of the crude product gave **2c** as a white solid (88 mg, 65%). mp 201--203 °C. FTIR (KBr): ν 3447, 2981, 2887, 2816, 2061, 1652, 1524, 1478, 1424, 1384, 1307, 1150, 1054, 978 cm^--1^. ^1^H NMR (400 MHz, CDCl~3~): δ 10.03 (br s, 1H), 7.82 (s, 1H), 7.81--7.78 (m, 2H), 7.41 (d, *J* = 8.4 Hz, 1H), 7.35 (d, *J* = 8.8 Hz, 2H), 7.23--7.21 (m, 3H), 6.27 (s, 1H), 5.82 (s,  1H), 3.84--3.77 (m, 2H), 3.19--3.08 (m, 2H), 0.87 (s, 9H) ppm. ^13^C NMR (101 MHz, CDCl~3~): δ 156.3, 142.9, 135.8, 134.2, 132.6, 130.5, 129.7, 128.6, 126.1, 122.8, 120.8, 120.4, 119.6, 81.2, 59.4, 47.0, 30.1, 28.3 ppm. The total count of 13C is less than expected either because of the merging of signals or signal broadening due to restricted rotations in the aromatic region. Exact mass calcd for C~26~H~26~BrClNO~3~^+^ (\[M + H\]^+^), 514.0779; found, 514.0768.

### *rac*-*tert*-Butyl-(*E*)-2-(6-bromo-2-hydroxynaphthalen-1-yl)-3-(4-chlorobenzylidene)pyrrolidine-1-carboxylate (**2d**) {#sec4.2.5}

According to GP I, 6-bromo-2-naphthol (87 mg, 0.39 mmol), cyclic imine **1a** (50 mg, 0.26 mmol), and Boc~2~O (0.11 g, 0.52 mmol) in 2 mL of toluene were reacted for 2 h and column chromatography (SiO~2~, EtOAc/hexane, 1:5) of the crude product gave **2d** as a white solid (82 mg, 61%). mp 195--198 °C. FTIR (KBr): ν 3607, 3174, 2957, 1663, 1582, 1515, 1457, 1275, 1169, 1132, 1032, 909 cm^--1^. ^1^H NMR (400 MHz, CDCl~3~^+^ DMSO-*d*~6~): δ 9.20 (br s, 1H), 8.06--8.04 (m, 1H), 7.91 (br s, 1H), 7.75--7.70 (m, 1H), 7.61--7.44 (m, 1H), 7.39--7.34 (m, 3H), 7.22--7.18 (m, 2H), 6.45 (s, 1H), 6.02 (s, 1H), 4.13--3.99 (m, 2H), 3.37--3.15 (m, 2H), 1.19 (s, 9H) ppm. ^13^C NMR (101 MHz, CDCl~3~^+^ DMSO-*d*~6~): δ 154.7, 154.0, 144.7, 135.9, 134.4, 132.0, 130.1, 129.5, 128.9, 128.2, 127.1, 125.5, 125.3, 121.0, 120.6, 119.9, 119.4, 79.5, 58.7, 46.7, 29.8, 28.0 ppm. The total count of 13C is less than expected because of the merging of signals or signal broadening due to restricted rotations in the aromatic region. HRMS (ESI): exact mass calcd for C~26~H~26~BrClNO~3~^+^ (\[M + H\]^+^), 514.0779; found, 514.0792.

### *rac*-*tert*-Butyl (*E*)-3-(4-Chlorobenzylidene)-2-(1-hydroxynaphthalen-2-yl)pyrrolidine-1-carboxylate (**2e**) {#sec4.2.6}

According to GP I, 1-naphthol (61 mg, 0.39 mmol), cyclic imine **1a** (50 mg, 0.26 mmol), and Boc~2~O (0.11 g, 0.52 mmol) in 2 mL of toluene were reacted for 2 h and column chromatography (SiO~2~, EtOAc/hexane, 1:7) of the crude product gave **2e** as a white solid (70 mg, 66%). mp 176--178 °C. FTIR (KBr): ν 3927, 3307, 3052, 2827, 2784, 2661, 2558, 1951, 1909, 1833, 1808, 1739, 1595, 1515, 1456, 1384, 1309, 1237, 1081, 1043, 954 cm^--1^. ^1^H NMR (400 MHz, CDCl~3~): δ 10.29 (s, 1H), 8.44--8.42 (m, 1H), 7.75--7.72 (m, 1H), 7.50--7.441 (m, 2H), 7.33--7.29 (m, 3H), 7.20 (d, *J* = 8.4 Hz, 2H), 7.14 (d, *J* = 8.4 Hz, 1H), 6.26 (s, 1H), 6.03 (s, 1H), 3.92--3.86 (m, 1H), 3.62--3.55 (m, 1H), 3.20--3.04 (m, 2H), 1.44 (s, 9H) ppm. ^13^C NMR (101 MHz, CDCl~3~): δ 156.5, 152.4, 142.6, 135.7, 134.3, 132.9, 129.7, 128.7, 127.2, 126.8, 126.7, 125.9, 124.8, 123.6, 122.5, 119.8, 81.7, 60.7, 45.6, 30.8, 28.6 ppm. The total count of 13C is less than expected because of the merging of the signal in the aromatic region. HRMS (ESI): exact mass calcd for C~26~H~27~ClNO~3~^+^ (\[M + H\]^+^), 436.1674; found, 436.1667.

### *rac*-*tert*-Butyl (*E*)-3-(4-Chlorobenzylidene)-2-(6-hydroxybenzo\[*d*\]\[1,3\]dioxol-5-yl)pyrrolidine-1-carboxylate (**2f**) {#sec4.2.7}

According to GP I, sesamol (58 mg, 0.39 mmol), cyclic imine **1a** (50 mg, 0.26 mmol), and Boc~2~O (0.11 g, 0.52 mmol) in 2 mL of toluene were reacted for 2 h and column chromatography (SiO~2~, EtOAc/hexane, 1:5) of the crude product gave **2f** as a white solid (68 mg, 60%). mp 205--208 °C. FTIR (KBr): ν 3435, 3007, 2974, 2766, 1910, 1666, 1503, 1491, 1476, 1420, 1234, 1172, 1037, 937 cm^--1^. ^1^H NMR (400 MHz, CDCl~3~): δ 9.43 (s, 1H), 7.31 (d, *J* = 8.8 Hz, 2H), 7.21 (d, *J* = 8.8 Hz, 2H), 6.52 (s, 1H), 6.50 (s, 1H), 6.30 (s, 1H), 5.88--5.85 (m, 2H), 5.77 (s, 1H), 3.86--3.80 (m, 1H), 3.55--3.48 (m, 1H), 3.06--2.99 (m, 2H), 1.45 (s, 9H) ppm. ^13^C NMR (101 MHz, CDCl~3~): δ 156.2, 151.4, 147.9, 142.4, 141.3, 135.6, 132.9, 129.7, 128.7, 124.7, 121.4, 107.2, 101.1, 100.7, 81.6, 60.4, 45.3, 30.4, 28.5 ppm. Exact mass calcd for C~23~H~25~ClNO~5~^+^ (\[M + H\]^+^), 430.1416; found, 430.1415.

### *rac*-*tert*-Butyl (*E*)-3-(4-Chlorobenzylidene)-2-(1*H*-indol-2-yl)pyrrolidine-1-carboxylate (**2g**) {#sec4.2.8}

According to GP I, indole (45 mg, 0.39 mmol), cyclic imine **1a** (50 mg, 0.26 mmol), and Boc~2~O (0.11 g, 0.52 mmol) in 2 mL of toluene were reacted for 24 h and column chromatography (SiO~2~, EtOAc/hexane, 1:5) of the crude product gave **2g** as a brown gum (58 mg, 55%). FTIR (KBr): ν 3313, 3057, 2957, 2886, 2246, 1900, 1674, 1547, 1488, 1406, 1301, 1246, 1096, 1011, 904 cm^--1^. ^1^H NMR (400 MHz, CDCl~3~): δ 8.29 (s, 1H), 7.55 (d, *J* = 8.0 Hz, 1H), 7.34 (d, *J* = 9.6 Hz, 1H), 7.24 (d, *J* = 8.0 Hz, 2H), 7.17--7.04 (m, 5H), 6.30 (s, 1H), 5.73 (s, 1H), 3.93--3.87 (m, 1H), 3.75--3.68 (m, 1H), 3.06--2.89 (m, 2H), 1.32 (s, 9H) ppm. ^13^C NMR (101 MHz, CDCl~3~): δ 154.5, 136.8, 134.0, 132.4, 129.8, 128.5, 125.6, 122.5, 122.1, 119.8, 119.7, 111.4, 79.6, 59.8, 46.1, 31.4, 28.5 ppm. The total count of 13C is less than expected because of the merging of the signal in the aromatic region. HRMS (ESI): exact mass calcd for C~24~H~26~ClN~2~O~2~^+^ (\[M + H\]^+^), 409.1677; found, 409.1684.

### *rac*-*tert*-Butyl (*E*)-3-(4-Chlorobenzylidene)-2-(2-methyl-1*H*-indol-3-yl)pyrrolidine-1-carboxylate (**2h**) {#sec4.2.9}

According to GP I, 2-methyl indole (50 mg, 0.39 mmol), cyclic imine **1a** (65 mg, 0.26 mmol), and Boc~2~O (0.11 g, 0.52 mmol) in 2 mL of toluene were reacted for 24 h and column chromatography (SiO~2~, EtOAc/hexane, 1:5) of the crude product gave **2h** as a white solid (59 mg, 57%). mp 185--187 °C. FTIR (KBr): ν 3405, 2976, 2883, 1904, 1669, 1589, 1488, 1365, 1304, 1244, 1168, 1129, 1092, 1040, 1012, 944 cm^--1^. ^1^H NMR (400 MHz, CDCl~3~): δ 7.92 (s, 1H), 7.32 (d, *J* = 7.6 Hz, 1H), 7.27 (d, *J* = 9.2 Hz, 1H), 7.23 (d, *J* = 8.4 Hz, 2H), 7.10--7.06 (m, 3H), 7.01--6.97 (m, 1H), 6.06 (s, 1H), 5.64 (s, 1H), 3.96--3.90 (m, 1H), 3.81--3.74 (m, 1H), 3.11--3.04 (m, 1H), 3.00--2.91 (m, 1H), 2.44 (s, 3H), 1.16 (s, 9H) ppm. ^13^C NMR (101 MHz, CDCl~3~): δ 154.7, 144.2, 136.0, 135.6, 132.4, 129.8, 128.4, 126.8, 122.3, 121.0, 119.4, 118.8, 110.4, 79.3, 58.8, 46.6, 29.5, 28.4, 12.3 ppm. The total count of 13C is less than expected because of the merging of the signal in the aromatic region. HRMS (ESI): exact mass calcd for C~25~H~28~ClN~2~O~2~^+^ (\[M + H\]^+^), 423.1834; found, 423.1830.

### *rac*-*tert*-Butyl (*E*)-3-(4-Chlorobenzylidene)-2-(5-methoxy-1*H*-indol-3-yl)pyrrolidine-1-carboxylate (**2i**) {#sec4.2.10}

According to GP I, 5-methoxy indole (47 mg, 0.39 mmol), cyclic imine **1a** (50 mg, 0.26 mmol), and Boc~2~O (0.11 g, 0.52 mmol) in 2 mL of toluene were reacted for 2 h and column chromatography (SiO~2~, EtOAc/hexane, 1:5) of the crude product gave **2i** as a brown gum (68 mg, 60%). FTIR (KBr): ν 3528, 3052, 2946, 2885, 2830, 1683, 1625, 1587, 1489, 1405, 1251, 1213, 1032, 925 cm^--1^. ^1^H NMR (400 MHz, CDCl~3~): δ 8.04 (s, 1H), 7.27--7.23 (m, 3H), 7.13 (d, *J* = 8.0 Hz, 3H), 7.05 (s, 1H), 6.85--6.82 (m, 1H), 6.33 (s, 1H), 5.71 (s, 1H), 3.93--3.87 (m, 1H), 3.80 (s, 3H), 3.71--3.64 (m, 1H), 3.03--2.90 (m, 2H), 1.30 (s, 9H) ppm. ^13^C NMR (101 MHz, CDCl~3~): δ 154.1, 136.0, 132.5, 132.0, 129.8, 128.5, 126.1, 124.7, 122.5, 112.1, 112.0, 102.2, 79.63, 59.7, 56.1, 46.0, 29.8, 28.5 ppm. The total count of 13C is less than expected because of the merging of the signal in the aromatic region. HRMS (ESI): exact mass calcd for C~26~H~27~ClNO~3~^+^ (\[M + H\]^+^), 439.1783; found, 439.1785.

### *rac*-*tert*-Butyl (*E*)-2-(5-Bromo-1*H*-indol-3-yl)-3-(4-chlorobenzylidene)pyrrolidine-1-carboxylate (**2j**) {#sec4.2.11}

According to GP I, 5-bromo indole (78 mg, 0.39 mmol), cyclic imine **1a** (50 mg, 0.26 mmol), and Boc~2~O (0.11 g, 0.52 mmol) in 2 mL of toluene were reacted for 36 h and column chromatography (SiO~2~, EtOAc/hexane, 1:5) of the crude product gave **2j** as a brown gum (68 mg, 56%). FTIR (KBr): ν 3437, 2081, 1667, 1564, 1490, 1454, 1412, 1366, 1254, 1167, 1094, 1046 cm^--1^. ^1^H NMR (400 MHz, CDCl~3~): δ 8.44 (s, 1H), 7.66 (s, 1H), 7.26--7.23 (m, 3H), 7.19 (s, 1H), 7.11 (d, *J* = 8.4 Hz, 2H), 7.08 (d, *J* = 2.4 Hz, 1H), 6.25 (s, 1H), 5.67 (s, 1H), 3.90--3.87 (m, 1H), 3.72--3.65 (m, 1H), 3.06--2.89 (m, 2H), 1.35 (s, 9H) ppm. ^13^C NMR (101 MHz, CDCl~3~): δ 154.6, 135.8, 135.4, 132.6, 129.8, 128.6, 127.2, 124.9, 122.7, 122.1, 113.0, 112.9, 80.0, 59.6, 46.2, 29.2, 28.6 ppm. The total count of 13C is less than expected because of the merging of the signal in the aromatic region. HRMS (ESI): exact mass calcd for C~24~H~25~BrClN~2~O~2~^+^ (\[M + H\]^+^), 487.0782; found, 487.0770.

### *rac*-*tert*-Butyl (*E*)-2-(6-Bromo-1*H*-indol-3-yl)-3-(4-chlorobenzylidene)pyrrolidine-1-carboxylate (**2k**) {#sec4.2.12}

According to GP I, 6-bromo indole (47 mg, 0.39 mmol), cyclic imine **1a** (50 mg, 0.26 mmol), and Boc~2~O (0.11 g, 0.52 mmol) in 2 mL of toluene were reacted for 2 h and column chromatography (SiO~2~, EtOAc/hexane, 1:5) of the crude product gave **2k** as a brown gum (62 mg, 53%). FTIR (KBr): ν 3716, 3276, 2976, 1899, 1674, 1613, 1541, 1405, 1490, 1332, 1167, 1047, 1012 cm^--1^. ^1^H NMR (400 MHz, CDCl~3~): δ 8.29 (s, 1H), 7.44 (s, 1H), 7.39 (d, *J* = 8.8 Hz, 1H), 7.26 (d, *J* = 1.6 Hz, 1H), 7.25--7.23 (m, 1H), 7.15 (d, *J* = 8.8 Hz, 1H), 7.11--7.10 (m, 2H), 7.09--7.08 (m, 1H), 6.25 (s, 1H), 5.68 (s, 1H), 3.93--3.87 (m, 1H), 3.72--3.65 (m, 1H), 3.03--2.89 (m, 2H), 1.30 (s, 9H) ppm. ^13^C NMR (101 MHz, CDCl~3~): δ 154.5, 137.6, 135.8, 132.6, 129.8, 128.6, 124.4, 123.0, 122.7, 120.9, 115.7, 114.4, 79.8, 59.6, 46.1, 29.8, 28.6. The total count of 13C is less than expected because of the merging of the signal in the aromatic region. HRMS (ESI): exact mass calcd for C~24~H~25~BrClN~2~O~2~^+^ (\[M + H\]^+^), 487.0782; found, 487.0756.

### *rac*-*tert*-Butyl (*E*)-3-(3-Chlorobenzylidene)-2-(2-hydroxynaphthalen-1-yl)pyrrolidine-1-carboxylate (**2l**) {#sec4.2.13}

According to GP I, 2-naphthol (56 mg, 0.39 mmol), cyclic imine (50 mg, 0.26 mmol), and Boc~2~O (0.11 g, 0.52 mmol) in 2 mL of toluene were reacted for 2 h and column chromatography (SiO~2~, EtOAc/hexane, 1:5) of the crude product gave **2l** (75 mg, 66%) as a white solid. mp 174--175 °C. FTIR (KBr): ν 3639, 3161, 2887, 2817, 1660, 1515, 1420, 1367, 1309, 1252, 1276, 1135, 1011, 962 cm^--1^. ^1^H NMR (400 MH, CDCl~3~): δ 7.74 (s, 1H), 7.70 (d, *J* = 7.6 Hz, 1H), 7.63 (d, *J* = 8.8 Hz, 1H), 7.34--7.30 (m, 1H), 7.23--7.19 (m, 1H), 7.17--7.1 (m, 1H), 7.10--7.07 (m, 1H), 7.04 (d, *J* = 9.6 Hz, 2H), 6.88 (d, *J* = 7.2 Hz, 1H), 6.24 (s, 1H), 5.81 (s, 1H), 3.94--3.80 (m, 2H), 3.15--3.09 (m, 1H), 3.04--2.95 (m, 1H), 1.01 (s, 9H) ppm. ^13^C NMR (101 MHz, CDCl~3~): δ 156.2, 153.8, 144.5, 139.3, 134.2, 133.0, 129.7, 129.5, 128.9, 128.3, 126.7, 126.7, 126.2, 123.4, 122.8, 122.1, 120.2, 119.8, 80.8, 59.5, 47.0, 30.2, 28.2 ppm. The total count of 13C is less than expected because of the merging of signals or signal broadening due to restricted rotations in the aromatic region. HRMS (ESI): exact mass calcd for C~26~H~27~ClNO~3~^+^ (\[M + H\]^+^), 436.1674; found, 436.1667.

### *rac*-*tert*-Butyl (*E*)-2-(2-Hydroxynaphthalen-1-yl)-3-(3-nitrobenzylidene)pyrrolidine-1-carboxylate (**2m**) {#sec4.2.14}

According to GP I, 2-naphthol (52 mg, 0.37 mmol), cyclic imine (50 mg, 0.25 mmol), and Boc~2~O (0.11 g, 0.49 mmol) in 2 mL of toluene were reacted for 2 h and column chromatography (SiO~2~, EtOAc/hexane, 1:5) of the crude product gave **2m** as a light yellow solid (72 mg, 60%). mp 168--171 °C. FTIR (KBr): ν 3625, 3542, 2981, 3002, 2888, 1910, 1626, 1523, 1488, 1438, 1476, 1392, 1363, 1288, 1254, 1175, 1160, 1053, 1013, 977 cm^--1^. ^1^H NMR (400 MHz, CDCl~3~): δ 8.38 (br s, 1H), 7.93--7.91 (m, 2H), 7.72 (d, *J* = 8.0 Hz, 1H), 7.66 (d, *J* = 8.8 Hz, 1H), 7.35--7.28 (m, 3H), 7.25--7.21 (m, 1H), 7.18--7.16 (m, 1H), 6.28 (s, 1H), 5.92 (s, 1H), 4.01--3.93 (m, 1H), 3.90--3.83 (m, 1H), 3.20--3.04 (m, 2H), 1.05 (s, 9H) ppm. ^13^C NMR (101 MHz, CDCl~3~): δ 156.2, 154.4, 148.4, 146.5, 139.1, 134.5, 130.0, 129.6, 129.2, 129.1, 126.3, 122.9, 122.8, 121.4, 121.3, 120.0, 81.1, 59.6, 46.96, 30.3, 28.2 ppm. The total count of 13C is less than expected because of the merging of signals or signal broadening due to restricted rotations in the aromatic region. HRMS (ESI): exact mass calcd for C~26~H~27~N~2~O~5~^+^ (\[M + H\]^+^), 480.1914; found, 480.1915.

### *rac*-*tert*-Butyl (*E*)-3-(3-Bromobenzylidene)-2-(2-hydroxynaphthalen-1-yl)pyrrolidine-1-carboxylate (**2n**) {#sec4.2.15}

According to GP I, 2-naphthol (45 mg, 0.32 mmol), cyclic imine (50 mg, 0.21 mmol), and Boc~2~O (93 mg, 0.43 mmol) in 2 mL of toluene were reacted for 1 h and column chromatography (SiO~2~, EtOAc/hexane, 1:5) of the crude product gave **2n** as a light yellow solid (80 mg, 75%). mp 161--165 °C. FTIR (KBr): ν 3062, 2984, 1649, 1590, 1556, 1513, 1472, 1303, 1254, 1211, 1170, 1053, 995 cm^--1^. ^1^H NMR (400 MHz, CDCl~3~): δ 8.50 (s, 1H), 7.75 (br s, 1H), 7.70 (d, *J* = 7.6 Hz, 1H), 7.63 (d, *J* = 8.8 Hz, 1H), 7.34--7.30 (m, 1H), 7.23--7.15 (m, 4H), 7.04--7.00 (m, 1H), 6.93 (d, *J* = 7.8 Hz, 1H), 6.24 (s, 1H), 5.80 (s, 1H), 3.93--3.80 (m, 2H), 3.14--2.95 (m, 1H), 2.98 (m, 1H), 1.00 (s, 9H) ppm. ^13^C NMR (101 MHz, CDCl~3~): δ 156.2, 153.8, 144.6, 139.6, 133.0, 129.8, 129.7, 129.6, 128.9, 127.1, 126.3, 123.3, 122.8, 122.5, 121.9, 120.1, 119.8, 80.8, 59.5, 47.0, 30.2, 28.2 ppm. The total count of 13C is less than expected because of the merging of the signal in the aromatic region. HRMS (ESI): exact mass calcd for C~26~H~27~BrNO~3~^+^ (\[M + H\]^+^), 480.1169; found, 480.1118.

### *rac*-*tert*-Butyl (*E*)-3-(4-Bromobenzylidene)-2-(2-hydroxynaphthalen-1-yl)pyrrolidine-1-carboxylate (**2o**) {#sec4.2.16}

According to GP I, 2-naphthol (46 mg, 0.32 mmol), cyclic imine (50 mg, 0.21 mmol), and Boc~2~O (0.09 g, 0.52 mmol) in 2 mL of toluene were reacted for 2 h and column chromatography (SiO~2~, EtOAc/hexane, 1:5) of the crude product gave **2o** as a white solid (75 mg, 71%). mp 170--174 °C. FTIR (KBr): ν 3746, 3062, 2984, 2930, 2702, 2600, 1933, 1649, 1590, 1556, 1513, 1472, 1338, 1303, 1254, 1170, 1145, 995 cm^--1^. ^1^H NMR (400 MHz, CDCl~3~): δ 7.82 (br s, 1H), 7.77 (d, *J* = 7.2 Hz, 1H), 7.70 (d, *J* = 8.8 Hz, 1H), 7.42--7.34 (m, 3H), 7.29 (d, *J* = 7.2 Hz, 1H), 7.25--7.21 (m, 1H), 6.95 (d, *J* = 8.4 Hz, 2H), 6.29 (s, 1H), 5.87 (s, 1H), 4.01--3.96 (m, 1H), 3.92--3.86 (m, 1H), 3.19--3.11 (m, 1H), 3.08--2.99 (m, 1H), 1.09 (s, 9H) ppm. ^13^C NMR (101 MHz, CDCl~3~): δ 156.2, 153.8, 143.7, 136.4, 133.0, 131.4, 130.0, 129.7, 129.5, 128.9, 126.2, 123.4, 122.8, 122.2, 120.5, 120.2, 119.9, 80.8, 59.5, 46.9, 30.2, 28.2 ppm. The total count of 13C is less than expected either because of the merging of signals or signal broadening due to restricted rotations in the aromatic region. Exact mass calcd for C~26~H~27~BrNO~3~^+^ (\[M + H\]^+^), 480.1169; found, 480.1120.

### *rac*-*tert*-Butyl (*E*)-2-(2-Hydroxynaphthalen-1-yl)-3-(4-methoxybenzylidene)pyrrolidine-1-carboxylate (**2p**) {#sec4.2.17}

According to GP I, 2-naphthol (56 mg, 0.39 mmol), cyclic imine (50 mg, 0.24 mmol), and Boc~2~O (0.11 g, 0.52 mmol) in 2 mL of toluene were reacted for 2 h and column chromatography (SiO~2~, EtOAc/hexane, 1:5) of the crude product gave **2p** as a white solid (70 mg, 63%). mp 168--171 °C. FTIR (KBr): ν 3625, 3542, 2981, 3002, 2888, 1910, 1626, 1523, 1488, 1438, 1476, 1392, 1363, 1288, 1254, 1175, 1160, 1053, 1013, 977 cm^--1^. ^1^H NMR (400 MHz, CDCl~3~): δ 7.75 (br s, 1H), 7.69 (d, *J* = 8.0 Hz, 1H), 7.62 (d, *J* = 8.8 Hz, 1H), 7.31--7.28 (m, 1H), 7.20 (d, *J* = 7.2 Hz, 1H), 7.17--7.14 (m, 1H), 6.96 (d, *J* = 8.8 Hz, 2H), 6.71 (d, *J* = 8.8 Hz, 2H), 6.22 (s, 1H), 5.81 (s, 1H), 3.93--3.88 (m, 1H), 3.84--3.77 (m, 1H), 3.68 (s, 3H), 3.14--3.09 (m, 1H), 3.02--2.93 (m, 1H), 1.02 (s, 9H) ppm. ^13^C NMR (101 MHz, CDCl~3~): δ 158.4, 156.4, 139.9, 132.7, 130.3, 129.7, 128.9, 126.0, 123.9, 123.2, 122.8, 120.4, 120.1, 113.8, 80.9, 59.5, 55.4, 47.0, 30.1, 28.3 ppm. The total count of 13C is less than expected because of the merging of signals or signal broadening due to of restricted rotations in the aromatic region. Exact mass calcd for C~27~H~30~NO~4~^+^ (\[M + H\]^+^), 432.2169; found, 432.2170.

### *rac*-*tert*-Butyl (*E*)-3-Benzylidene-2-(2-hydroxynaphthalen-1-yl)pyrrolidine-1-carboxylate (**2q**) {#sec4.2.18}

According to GP I, 2-naphthol (69 mg, 0.48 mmol), cyclic imine (50 mg, 0.32 mmol), and Boc~2~O (0.14 g, 0.64 mmol) in 2 mL of toluene were reacted for 2 h and column chromatography (SiO~2~, EtOAc/hexane, 1:5) of the crude product gave **2q** as a white solid (92 mg, 71%). mp 173--174 °C. FTIR (KBr): ν 3213, 2976, 2894, 1658, 1580, 1476, 1367, 1310, 1276, 1251, 1068, 962 cm^--1^. ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 9.75 (s, 1H), 7.82 (d, *J* = 8.0 Hz, 1H), 7.75 (d, *J* = 8.8 Hz, 1H), 7.42--7.26 (m, 5H), 7.21--7.15 (m, 4H), 6.36 (s, 1H), 5.87 (s, 1H), 3.86--3.82 (m, 2H), 3.22--3.12 (m, 2H), 0.84 (s, 9H) ppm. ^13^C NMR (101 MHz, CDCl~3~): δ 156.3, 153.9, 142.6, 137.5, 133.1, 129.6, 128.9, 128.5, 128.3, 126.6, 126.1, 123.4, 122.7, 120.3, 119.9, 80.7, 59.5, 47.0, 30.2, 28.2 ppm. The total count of 13C is less than expected because of the merging of signals or signal broadening due to restricted rotations in the aromatic region. Exact mass calcd for C~26~H~28~NO~3~^+^ (\[M + H\]^+^), 436.1674; found, 436.1678.

### *rac*-*tert*-Butyl (*E*)-2-(2-Hydroxynaphthalen-1-yl)-3-(4-methylbenzylidene)pyrrolidine-1-carboxylate (**2r**) {#sec4.2.19}

According to GP I, 2-naphthol (58 mg, 0.39 mmol), cyclic imine (50 mg, 0.27 mmol), and Boc~2~O (0.11 g, 0.52 mmol) in 2 mL of toluene were reacted for 2 h and column chromatography (SiO~2~, EtOAc/hexane, 1:5) of the crude product gave **2r** as a white solid (70 mg, 60%). mp 160--162 °C. FTIR (KBr): ν 3676, 2981, 2886, 1654, 1579, 1514, 1475, 1368, 1250, 1277, 1129, 1007, 1063, 963 cm^--1^. ^1^H NMR (400 MHz, CDCl~3~): δ 7.72--7.68 (m, 2H), 7.63 (d, *J* = 8.8 Hz, 1H), 7.30--7.26 (m, 1H), 7.20 (d, *J* = 7.0 Hz, 1H), 7.17--7.13 (m, 1H), 6.99--6.97 (m, 4H), 6.22 (s, 1H), 5.83 (s, 1H), 3.94--3.88 (m, 1H), 3.83--3.76 (m, 1H), 3.18--3.09 (m, 1H), 3.05--2.96 (m, 1H), 2.21 (s, 3H), 1.07 (s, 9H) ppm. ^13^C NMR (101 MHz, CDCl~3~): δ 156.3, 154.2, 141.3, 136.4, 134.7, 132.9, 129.7, 129.0, 128.9, 128.4, 127.9, 126.0, 123.5, 122.7, 122.3, 120.4, 120.0, 80.8, 59.5, 47.0, 30.2, 28.3, 21.2 ppm. The total count of 13C is less than expected because of the merging of signals or signal broadening due to restricted rotations in the aromatic region. Exact mass calcd for C~27~H~30~NO~3~^+^ (\[M + H\]^+^), 416.2220; found, 416.2222.

### *rac*-*tert*-Butyl (*E*)-2-(2-Hydroxynaphthalen-1-yl)-3-(3-methoxybenzylidene)pyrrolidine-1-carboxylate (**2s**) {#sec4.2.20}

According to GP I, 2-naphthol (60 mg, 0.38 mmol), cyclic imine (50 mg, 0.25 mmol), and Boc~2~O (0.10 g, 0.50 mmol) in 2 mL of toluene were reacted for 2 h and column chromatography (SiO~2~, EtOAc/hexane, 1:5) of the crude product gave **2s** as a white solid (78 mg, 66%). mp 162--165 °C. FTIR (KBr): ν 3716, 3006, 3049, 2886, 1662, 1626, 1606, 1577, 1346, 1244, 1276, 1159, 1128, 1050, 962 cm^--1^. ^1^H NMR (400 MHz, CDCl~3~): δ = 7.83 (br s, 1H), 7.77 (d, *J* = 7.6 Hz, 1H), 7.70 (d, *J* = 8.8 Hz, 1H), 7.4--7.36 (m, 1H), 7.29--7.25 (m, 1H), 7.24--7.22 (m, 1H), 7.18--7.16 (m, 1H), 6.72--6.94 (m, 2H), 6.63 (s, 1H), 6.31 (s, 1H), 5.92 (s, 1H), 4.01--3.98 (m, 1H), 3.92--3.85 (m, 1H), 3.72 (s, 3H), 3.26--3.20 (m, 1H), 3.13--3.04 (m, 1H), 1.10 (s, 9H) ppm. ^13^C NMR (101 MHz, CDCl~3~): δ 159.6, 156.3, 143.0, 138.9, 133.0, 129.6, 129.2, 128.9, 126.1, 123.5, 123.3, 122.7, 121.1, 120.3, 119.9, 114.1, 112.3, 80.8, 77.5, 59.4, 55.3, 47.0, 30.3, 28.2 ppm. The total count of 13C is less than expected because of the merging of signals or signal broadening due to restricted rotations in the aromatic region. HRMS (ESI): exact mass calcd for C~27~H~30~NO~4~^+^ (\[M + H\]^+^), 432.2169; found, 432.2166.

### *rac*-*tert*-Butyl (*E*)-2-(2-Hydroxynaphthalen-1-yl)-3-(naphthalen-1-ylmethylene)pyrrolidine-1-carboxylate (**2t**) {#sec4.2.21}

According to GP I, 2-naphthol (40 mg, 0.31 mmol), cyclic imine (50 mg, 0.21 mmol), and Boc~2~O (0.11 g, 0.52 mmol) in 2 mL of toluene were reacted for 2 h and column chromatography (SiO~2~, EtOAc/hexane, 1:5) of the crude product gave **2t** as a white solid (85 mg, 75%). mp 206--207 °C. FTIR (KBr): ν 3475, 2980, 2863, 2059, 1647, 1561, 1516, 1477, 1431, 1366, 1341, 1253, 1138, 1020, 978 cm^--1^. ^1^H NMR (400 MHz, CDCl~3~): δ 7.86--7.84 (m, 1H), 7.79 (d, *J* = 8.8 Hz, 1H), 7.76--7.72 (m, 2H), 7.69 (d, *J* = 8.0 Hz, 1H), 7.41 (d, *J* = 6.8 Hz, 1H), 7.37--7.36 (m, 1H), 7.35--7.33 (m, 2H), 7.30--7.27 (m, 2H), 7.18--7.14 (m, 1H), 7.04--7.01 (m, 1H), 6.37 (s, 1H), 6.34 (s, 1H), 4.04--3.98 (m, 1H), 3.81--3.74 (m, 1H), 3.08--2.93 (m, 2H), 1.3 (s, 9H) ppm. ^13^C NMR (101 MHz, CDCl~3~): δ 156.7, 143.6, 134.7, 133.5, 132.7, 132.5, 131.8, 130.3, 130.2, 129.1, 128.3, 127.5, 125.9, 125.9, 125.8, 125.3, 124.9, 122.8, 122.2, 120.4, 120.1, 81.1, 59.0, 46.6, 30.0, 28.4 ppm. The total count of 13C is less than expected because of the merging of signals or signal broadening due to restricted rotations in the aromatic region. Exact mass calcd for C~30~H~30~NO~3~^+^ (\[M + H\]^+^), 452.2220; found, 452.2201.

### *rac*-*tert*-Butyl (*E*)-2-(2-Hydroxynaphthalen-1-yl)-3-(thiophen-2-ylmethylene)pyrrolidine-1-carboxylate (**2u**) {#sec4.2.22}

According to GP I, 2-naphthol (66 mg, 0.46 mmol), cyclic imine (50 mg, 0.31 mmol), and Boc~2~O (0.13 g, 0.61 mmol) in 2 mL of toluene were reacted for 10 min and column chromatography (SiO~2~, EtOAc/hexane, 1:5) of the crude product gave **2u** as a white solid (96 mg, 83%). mp 165--168 °C. FTIR (KBr): ν 3661, 3063, 1936, 1749, 1659, 1578, 1497, 1475, 1382, 1364, 1250, 1228, 1209, 1144, 1053, 1008, 964 cm^--1^. ^1^H NMR (400 MHz, DMSO-*d*~6~): δ 9.79 (s, 1H), 8.33 (br s, 1H), 7.84 (d, *J* = 8.0 Hz, 1H), 7.77 (d, *J* = 8.8 Hz, 1H), 7.53--7.46 (m, 2H), 7.33--7.49 (m, 1H), 7.24--7.18 (m, 1H), 7.22--7.18 (m, 1H), 7.04--7.02 (m, 1H), 6.91 (d, *J* = 3.2 Hz, 1H), 6.40 (s, 1H), 6.13 (s, 1H), 4.01--3.89 (m, 2H), 3.30--2.95 (m, 2H), 0.85 (s, 9H) ppm. ^13^C NMR (101 MHz, CDCl~3~^+^ DMSO-*d*~6~): δ 154.3, 152.8, 141.1, 128.6, 128.3, 127.9, 126.7, 125.8, 124.4, 122.5, 122.0, 120.4, 118.6, 114.9, 78.8, 58.2, 46.5, 29.9, 27.7 ppm. The total count of 13C is less than expected because of the merging of signals or signal broadening due to restricted rotations in the aromatic region. HRMS (ESI): exact mass calcd for C~24~H~26~NO~3~S^+^ (\[M + H\]^+^), 408.1628; found, 408.1621.

### *rac*-*tert*-Butyl (*E*)-3-(4-Methoxybenzylidene)-2-(1*H*-pyrrol-2-yl)pyrrolidine-1-carboxylate (**2v**) {#sec4.2.23}

According to GP I, pyrrole (32 mg, 0.48 mmol), cyclic imine (60 mg, 0.32 mmol), and Boc~2~O (0.14 g, 0.64 mmol) in 2 mL of toluene were reacted for 2 h and column chromatography (SiO~2~, EtOAc/hexane, 1:5) of the crude product gave **2v** as a brown gum (68 mg, 59%). FTIR (KBr): ν 3384, 2974, 2837, 1677, 1607, 1573, 1556, 1511, 1477, 1403, 1250, 1173, 1115, 1031, 1085, 908 cm^--1^. ^1^H NMR (400 MHz, CDCl~3~): δ 9.71 (s, 1H), 7.27 (d, *J* = 8.8 Hz, 2H), 6.91 (d, *J* = 8.4 Hz, 2H), 6.78--6.76 (m, 1H), 6.55 (s, 1H), 6.11--6.05 (m, 1H), 6.03--5.95 (m, 1H), 5.62 (s, 1H), 3.83 (s, 3H), 3.63--3.47 (m, 2H), 2.98--2.90 (m, 2H), 1.48 (s, 9H) ppm. ^13^C NMR (151 MHz, CDCl~3~): δ 158.7, 156.3, 136.6, 134.4, 130.0, 129.9, 124.4, 118.4, 114.0, 107.1, 105.3, 80.3, 59.6, 55.5, 46.2, 29.2, 28.7 ppm. Exact mass calcd for C~21~H~27~N~2~O~3~^+^ (\[M + H\]^+^): 355.2016; found, 355.2019.

### General Procedure for the Enantioselective Synthesis of **3** (GP II) {#sec4.2.24}

To a solution of α,β-unsaturated cyclic imine **1** (1 equiv) in 2 mL of toluene, chiral phosphoric acid **L1** (23 mol %) and Yb(OTf)~3~ (20 mol %) were added at room temperature, and after 10 min, a naphthol derivative (1 equiv) was added. The reaction mixture was stirred at room temperature for 48--72 h. After completion of reaction, the reaction was quenched by addition of NaHCO~3~ solution (20 mL) and the reaction mixture was extracted with ethyl acetate (3 × 20 mL). The combined organic layers were washed with water, dried over Na~2~SO~4~, and concentrated under reduced pressure to afford a gummy brown crude product. The crude product was purified by preparative TLC to afford the analytically pure product.

### (−)-(*E*)-1-(3-(4-Chlorobenzylidene)pyrrolidin-2-yl)naphthalen-2-ol (**3a**) {#sec4.2.25}

According to the general procedure II, α,β-unsaturated cyclic imine **1a** (50 mg, 0.26 mmol), 2-naphthol (37 mg, 0.26 mmol), chiral phosphoric acid **L1** (21 mg, 0.06 mmol), and Yb(OTf)~3~ (32 mg, 0.05 mmol) were reacted in 2 mL of toluene for 48 h and preparative TLC (SiO~2~, EtOAc/hexane, 1:3) of the crude product gave **3a** as a white solid (58 mg, 66%). \[α\]~D~^24^ = −107.2 (*c* = 0.50, CHCl~3~). mp 163--166 °C. FTIR (KBr): ν 3439, 2096, 1634, 1561, 1491, 1334, 1267, 1240, 1093, 1047 cm^--1^. ^1^H NMR (600 MHz, CDCl~3~): δ 12.67 (s, 1H), 7.91 (d, *J* = 8.4 Hz, 1H), 7.79 (d, *J* = 7.8 Hz, 1H), 7.73 (d, *J* = 9 Hz, 1H), 7.48--7.46 (m, 1H), 7.33--7.30 (m, 1H), 7.20 (d, *J* = 8.4 Hz, 2H), 7.11 (d, *J* = 9 Hz, 1H), 7.07 (d, *J* = 9 Hz, 2H), 5.86 (s, 1H), 5.68 (s, 1H), 3.60--3.57 (m, 1H), 3.24--3.19 (m, 1H), 3.03--2.97 (m, 2H) ppm. ^13^C NMR (101 MHz, CDCl~3~): δ 156.6, 142.8, 136.0, 133.4, 132.3, 129.8, 129.7, 129.0, 128.5, 128.4, 126.9, 122.6, 122.3, 121.4, 120.3, 114.6, 62.4, 45.2, 30.5 ppm. Exact mass calcd for C~21~H~19~ClNO^+^ (\[M + H\]^+^), 336.1150; found, 336.1148;

To a solution of amine **3a** (20 mg, 0.06 mmol) in 2 mL of DCM, Boc~2~O (26 mg, 0.12 mmol) was added at room temperature. The reaction mixture was stirred at room temperature for 2 h. After completion of the reaction, the reaction mixture was concentrated in vacuo and the crude product was subjected to column chromatography to afford the analytically pure product **6a**. \[α\]~D~^26^ = −112.5 (*c* = 0.55, CHCl~3~). The NMR data match with **2a**. The enantiomeric ratio of **6a** was determined by HPLC analysis using the Lux Cell-I column (10:1 *n*-hexane/^*i*^PrOH, 1.0 mL/min, 25 °C, 254 nm, τ~minor~ = 5.57 min, and τ~major~ = 6.64 min); enantiomeric excess: 73%.

### (*E*)-6-Bromo-1-(3-(4-chlorobenzylidene)pyrrolidin-2-yl)naphthalen-2-ol (**3b**) {#sec4.2.26}

According to the general procedure II, α,β-unsaturated cyclic imine **1a** (50 mg, 0.26 mmol), 6-bromo-2-naphthol (58 mg, 0.26 mmol), chiral phosphoric acid **L1** (21 mg, 0.06 mmol), and Yb(OTf)~3~ (32 mg, 0.05 mmol) were reacted in 2 mL of toluene for 72 h and preparative TLC (SiO~2~, EtOAc/hexane, 1:3) of the crude product gave **3b** as a white solid (28%, 32 mg). mp 170--173 °C. FTIR (KBr): ν 3446, 3277, 2865, 1598, 1565, 1492, 1405, 1356, 1307, 1266, 1112, 1095, 1010 cm^--1^. ^1^H NMR (400 MHz, CDCl~3~): δ 7.93 (d, *J* = 2.0 Hz, 1H), 7.78 (d, *J* = 9.2 Hz, 1H), 7.63 (d, *J* = 8.8 Hz, 1H), 7.53--7.51 (m, 1H), 7.21 (d, *J* = 8.4 Hz, 2H), 7.12 (d, *J* = 8.9 Hz, 1H), 7.07 (d, *J* = 8.4 Hz, 2H), 5.80 (s, 1H), 5.62 (s, 1H), 3.62--3.57 (m, 1H), 3.26--3.20 (m, 1H), 3.03--2.97 (m, 2H) ppm. ^13^C NMR (101 MHz, CDCl~3~): δ 157.1, 142.6, 135.8, 132.5, 131.9, 130.9, 130.0, 129.7, 129.7, 128.9, 128.50, 123.3, 122.4, 121.5, 116.1, 114.9,  62.4, 45.2, 30.5 ppm. Exact mass calcd for C~21~H~18~ BrClNO^+^ (\[M + H\]^+^), 414.0255; found, 414.0248; to a solution of amine **3b** (20 mg, 0.05 mmol) in 2 mL of DCM, Boc~2~O (21 mg, 0.10 mmol) was added at room temperature. The reaction mixture was stirred at room temperature for 2 h. After completion of the reaction, the reaction mixture was concentrated in vacuo and the crude product was subjected to column chromatography to afford the analytically pure product **6b** (73%, 18 mg). The NMR data match with **2d**. The enantiomeric ratio was determined by HPLC analysis using the Lux Cell-I column (10:1 *n*-hexane/^*i*^PrOH, 1.0 mL/min, 25 °C, 220 nm, τ~minor~ = 5.70 min, τ~major~ = 6.91 min); enantiomeric excess: 9%.
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